The primary aim of this study was to investigate the generation characteristics of 21 organic solvent droplets with and without triglyceride oil by electrospraying using 22 single-nozzle and nozzle-array devices. The liquids used were ethanol (10 to 99.5%), 23 ethanol (99.5%) solutions containing a triacylglyceride oil, ethyl acetate, hexane, and 24 heptane. The droplet generation behaviors from an electrode nozzle were observed 25 using high-speed video cameras. Unstable micro-dripping mode was observed when 26 using ethanol (<50%), hexane, and heptane. In contrast, the stable electrospraying by 27 cone-jet mode was achieved when using ethanol (>66.7%) and ethyl acetate. The jet 28 diameter values mostly ranged between 10 and 20 m, which is similar to the estimated 29 ones. High-speed photographic observation at a frame rate of 10 6 s -1 demonstrated the 30 generation of ethanol droplets at very high frequencies of 3.0x10 5 to 5.0x10 5 s -1 by 31 breaking up the jet. The ethanol jet diameter increased with increasing the flow rate (1 32 to 10 mL/h). The nozzle number per device did not affect the jet diameter when the flow 33 rate per nozzle is the same. The stable cone-jet mode was also achieved when using 34 ethanol solution containing 0.1% triacylglyceride oil. Triacylglyceride oil droplets with 35 diameters of about 2 m were collected after evaporating ethanol from the droplets 36 generated by electrospraying. 37 38 39 Direct observation; Nozzle array 41 42 3 1. Introduction 43 Electrospraying (electrohydrodynamic spraying) is a method of liquid atomization 44 induced by electrical force [1]. With electrospraying, liquid surface tension is balanced 45 by electrical force at each point on the liquid surface. When electrical force and gravity 46 force that act on a drop overcome the surface tension, the meniscus of the liquid caused 47 the jet formation. The cone-jet leads to fission and subsequently disrupts into fine 48 droplets due to the instability of the jet. From the energy viewpoint, liquid forms a jet 49 when the kinetic energy of the liquid is greater than the surface energy required for 50 creating the surface of the jet [2]. Thus, variations in normal electric stress at the apex of 51 the meniscus, the energy gain per unit area of the liquid, and the tangential electric 52 stress at the meniscus lateral are evaluated in the forms of electrospraying modes. When 53 the tangential electric stress is intense enough, a cone-jet is formed [3]. 54 Electrospray systems have the following advantages over mechanical atomizers. 55 The droplet size can be smaller than 1 m. The size distribution of the droplets can be 56 nearly monodisperse [4]. The charge and size of the droplet can be easily controlled 57 (including deflection or focusing) to some extent by adjusting the flow rate and voltage 58 applied to the nozzle [5]. 59 Electrospraying can be widely applied to both industrial processes and scientific 60 instrumentations. Interest in industrial or laboratory applications has recently prompted 61 the search for effective techniques that enable control of the processes in which droplets 62 are involved. Electrospraying techniques are aimed at developing new drug-delivery 63 systems, medicine production, and ingredient dosage in the cosmetic and food industries.
Droplets generated by electrospraying have potential food applications as forms of 83 micro/nano-particles and micro/nano-dispersions. However, few electrospraying 84 researches using food-grade materials have been conducted [22, 23] . Therefore, the 85 present work attempts to employ the electrospraying technology to generate the fine 86 droplet consisting of organic substances. Here, we investigate the production process 87 focusing on the type of organic solvents, the effects of device and operating conditions, 88 high-speed camera observation of droplet generation. We also investigated the 89 generation of droplets consisting of an organic solvent and a triacylglyceride oil as well Stainless-steel 24 24-mm devices with different numbers (1, 4, or 12 ) of electrode 97 nozzles were designed and fabricated for this study (Fig. 1 ). Initially, each circular 98 through-hole with a diameter of 600 m on a polished metal plate was fabricated by 99 microdrilling. Subsequently, each electrode nozzle with an inner diameter of 230 m 100 and a length of 13 mm was connected to the through-hole by solder bonding. device, a metal ring with a diameter of 100 mm as the extractor electrode, a syringe 106 pump (Model-11, Harvard Apparatus, USA) for feeding an organic liquid, a high 107 voltage DC power supply (KHV-U5003, Kyoshin Electric Co., Ltd., Japan) for applying 108 an electric field to the liquid, a high-speed video camera with a maximum frame rate of holder, and the tip of each electrode nozzle was positioned at 10 mm over the ring 126 grounding electrode. Each liquid was contained a 10-mL glass syringe and was 127 introduced into the module using a syringe pump at a liquid flow rate (Q L ) of 1 to 10 128 mL/h for the single nozzle device, 6 mL/h for the 4-nozzle device, and 18 mL/h for the 129 12-nozzle device. Next, the liquid was injected from the nozzle tip under positive DC 130 voltage (V DC ) (3.7 to 14 kV) in order to generate organic solvent droplets. At that 131 moment, the nozzle tip was positively electrified, while the ring was grounded. All 132 experiments were conducted at 25 o C. Electrospraying characteristics were 133 microscopically observed using a high-speed video camera at 9000 to 15000 fps for 134 Fastcam SA1.1 or 10 6 fps for HyperVision HPV-1. Electrospraying experiments were first conducted using four different organic 157 solvents. Fig. 3 depicts microscopic snapshots of electrospraying from a single nozzle.
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The Q L applied here was 1 mL/h for ethanol, hexane, and heptane, and 6 mL/h for ethyl To achieve stable electrostatic atomization, the electrical relaxation time (t e =  0 / 185 K L ) must be much smaller than the hydrodynamic time (t h = l j d j 2 / Q L ) [24]:
where  is the relative permittivity,  0 is the permittivity of free space (8.854 x 10 -12 188 F/m), K L is the electrical conductivity, and l j and d j are the jet length and diameter. 
.
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Substituting the values of 99.5% ethanol in Eq. 4 yields a d j of 8 m at a Q L of 1.5 mL/h.
200
Based on these results, the measured jet diameters of ethyl acetate and ethanol are 201 similar to the estimated values. concentrations of 50% or less (Fig. 5a ), which be mainly due to higher surface tension tip to the apex of the cone, increased gradually from 150 to 670 m as the flow rate 252 increased (Fig. 6a) . The ethanol flow rate also affected the jet diameter which ranged 253 between 9.0 and 16.1 m (Fig. 6b ). The jet diameter increased slowly with increasing 254 the flow rate in its range of 2 to 10 mL/h, whereas the slope of the jet diameter became 255 higher at the low flow rates of < 2 mL/h. diameter is also shown in Fig. 6 . The values of the liquid properties are listed in Table 1 .
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The shape and the wettability of the nozzle material can pronouncedly influence the somewhat larger (Fig. 6) , which may be attributed to its higher wettability to the nozzle 272 surface.
273
At the Q L of 1 mL/h, the jet diameter was 13 m for MCT and 18 m for soybean 274 oil. The jet diameters of the ethanol solutions increased with increasing the Q L in ranges 275 of >2 mL/h or more for MCT and >1 mL/h for soybean oil. The slope of the lines in Fig.   276 6b became greater between 1 and 2 mL/h for MCT and 0.5 and 1 mL/h for soybean oil.
277
The jet diameters estimated by Eq. 4 that increased with increasing Q L agreed with the 278 measured results. Leica Microsystems Wetzlar GmbH, Germany). The jet was confirmed to break up into 286 droplets above the ground electrode ( Fig. 7a and c) . With increasing the distance 287 between the nozzle tip and the glass slide, ethanol evaporated more from droplets, and 
